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expressed genes. In late OA, proinﬂammatory genes prevailed. In
response to exercise in early OA the major molecules upregulated
were IL-6, Lif, chemokines Cxcl1 and Ccl2, transcription factors of
MAPK family, and growth factors. In late OA, effects of exercise
were not obvious and the gene expression proﬁles were similar to
untreated OA joints.
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GAMMA-LOOP DYSFUNCTION CONTRIBUTES TO
QUADRICEPS INHIBITION IN PATIENTS WITH KNEE JOINT
OSTEOARTHRITIS
D. Rice, P.J. McNair, G. Lewis
Auckland Univ. of Technology, Auckland, New Zealand
Purpose: A consequence of osteoarthritis (OA) at the knee joint
is an inability to fully activate the quadriceps muscles, leading
to marked weakness that impairs function and quality of life.
Normal function of the gamma loop is essential to achieve full
voluntary muscle activation as it provides tonic excitatory input
to the quadriceps alpha motoneuron pool. There is evidence that
traumatic ligament damage alters sensory output from the knee
joint and impairs transmission of signals in the gamma loop. In
individuals with knee OA, degeneration of joint structures (e.g. joint
capsule) may simultaneously damage the sensory endings located
within these tissues, reducing afferent output and impairing the
gamma-loop. However, this has not yet been investigated. Thus,
the purpose was to determine whether quadriceps gamma-loop
dysfunction is present in individuals with OA of the knee joint.
Methods: Thirteen subjects with radiographically conﬁrmed knee
OA and ten age and gender matched controls with no history of
knee joint pathology participated in this study. All subjects were
seated in a custom designed chair with the knee joint ﬁxed in 90°
of ﬂexion. The lower leg was strapped to a metal attachment in
series with a strain gauge at the level of the ankle joint. Maxi-
mum effort isometric contractions of the quadriceps and hamstring
muscles were then performed and force together with EMG was
collected from the vastus lateralis (VL), vastus medialis (VM),
medial hamstrings (MH) and lateral hamstrings (LH). Following
the ﬁrst set of maximum isometric contractions, 20 minutes of
50Hz vibration was applied to the infrapatellar tendon using an
electromechanical tapper. After tendon vibration, maximum effort
isometric contractions of the quadriceps and hamstrings were
repeated, with force and EMG collected in an identical manner
to baseline testing. Quadriceps and hamstrings peak force were
converted into torque measurements and normalised as a per-
centage of body mass for each subject. The root mean square
(RMS) of the EMG signals was calculated and used in subsequent
analyses. If a gamma loop dysfunction is not present, the effect
of vibration is to decrease strength and EMG levels, usually by
8-10%. If present, then strength and EMG levels will not change
following vibration. Thus one sample t-tests were undertaken to
analyse whether percent changes in torque and EMG differed from
zero after vibration in each group. The alpha level was set at 0.05.
Results: Following tendon vibration, quadriceps peak torque de-
creased signiﬁcantly in the control group (p < 0.05) but did not
change in OA subjects (p >0.05). Hamstrings peak torque was un-
changed in both groups (p >0.05). Similarly, after tendon vibration
the RMS values of VM and VL decreased (p<0.01) in the control
group, but was unchanged in the OA group (p >0.05). RMS values
of MH and LH remained unchanged in both groups (p > 0.05).
Conclusions: The results suggest that quadriceps gamma-loop
dysfunction was present in patients with OA of the knee joint.
Prolonged tendon vibration induces a temporary gamma loop dys-
function by blocking transmission in Ia afferent nerve ﬁbres. The
subsequent loss of excitatory input from primary muscle spindles
reduces alpha motor neuron excitability, preventing full activation of
the muscle. Thus, a decrease in quadriceps peak torque and RMS
values is expected after vibration. In contrast, a lack of change
in quadriceps activation seen in OA subjects suggests that Ia
afferent transmission was already impaired, thus torque and EMG
levels were unaffected by vibration. In conclusion, gamma loop
dysfunction contributes to quadriceps activation deﬁcits in patients
with OA, partially explaining the marked weakness and atrophy
that is often observed in this muscle group.
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PAIN, FUNCTION AND MUSCLE STRENGTH IN
MENISCECTOMIZED PATIENTS AT HIGH RISK OF OA
COMPARED TO AGE- AND GENDER MATCHED CONTROLS
J.B. Thorlund, P. Aagaard, E.M. Roos
Inst. of Sports Sci. and Clinical Biomechanics, Univ. of Southern
Denmark, Odense M, Denmark
Purpose: Reduced quadriceps muscle strength has been pro-
posed as one of the candidates for self-reported pain and func-
tional limitations and as a predictor of future OA in meniscec-
tomized patients. Traditionally, measures of maximal isometric or
concentric muscle strength have been the parameters of choice
to describe deﬁcits in muscle capacity in this patient group. How-
ever, during functional tasks like gait and stair walking eccentric
muscle strength might be more important to control the descent of
center of mass, absorbing impacts and thus decrease knee joint
loading. The aim of this study was twofold: 1) to compare different
aspects of quadriceps muscle strength (i.e. concentric and ec-
centric peak torque) in middle-aged patients who had undergone
meniscectomy for a symptomatic degenerative tear with age and
gender matched controls; 2) to study the role of muscle strength
on self-reported pain and function in meniscectomized patients.
Methods: Patients: 31consecutive patients (21 men, 46±6 yrs,
175±7 cm, BMI 26±4, 21±6 month post-surgery) operated for a
symptomatic non-traumatic medial meniscal posterior horn tear.
Exclusion criteria: miss-classiﬁed by the surgical code system,
previous cruciate ligament injury, severe cartilage changes deﬁned
as deep clefts or visible bone at meniscectomy or self-reported
co-morbidity factors limiting participation in the study. 31 controls
(19 men, 46±6 yrs, 175±10 cm, BMI 26±4) identiﬁed through the
Danish social security number system. Exclusion criteria; previous
cruciate ligament injury or other knee surgery or self-reported
co-morbidity factors limiting participation in the study.
Strength tests: Concentric and eccentric peak torques were mea-
sured at 30 deg s-1 for the quadriceps muscle in an isokinetic
dynamometer (KinCom) in the operated and non-operated leg for
the patients and in both legs for the controls.
Self-reported outcomes: The Knee Injury and Osteoarthritis Score
(KOOS) was used to assess knee-related pain, symptoms, function
in daily life, sports and recreation function and quality of life.
Separate subscale scores from 0 to 100, worst to best, were
calculated.
Statistics: Strength and KOOS scores in patients and controls
were compared by one way ANOVA and Mann-Whitney tests,
respectively. To determine the relationship between concentric
and eccentric muscle strength and the KOOS subscales Sport and
Recreation Function and Pain, which are thought to be dependent
on muscle strength, Spearman correlations were used.
Results: Strength: Concentric and eccentric quadriceps strength
did not differ between the operated and non-operated leg, and no
differences were observed between patients and controls (Table 1).
KOOS: Large differences were observed between patients and
controls; Pain 83±16 vs. 97±5 (p<0.001), symptoms 82±16 vs.
94±9 (p<0.001), ADL 89±14 vs. 99±3 (p<0.001), Sport/Rec
69±24 vs. 95±8 (p<0.001), QOL 69±23 vs. 91±11 (p<0.001).
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Table 1. Muscle Strength Characteristics (mean ± SD)
Operated Non-operated Controls P-value
leg leg (mean both legs)
Concentric peak
torque (Nm) 2.67±0.55 2.74±0.47 2.54±0.39 0.26
Eccentric peak
torque (Nm) 3.38±0.78 3.49±0.79 3.26±0.51 0.44
Correlations: Non-signiﬁcant correlations (rs= -0.03 to 0.23) were
observed between concentric and eccentric muscle strength and
the KOOS subscales Sport/Rec and Pain.
Conclusions: No differences were found in concentric and ec-
centric muscle strength between the operated and non-operated
leg in patients. Furthermore, no differences in strength parameters
were observed between patients compared to controls at 2 years
post surgery. Self-reported outcomes were however signiﬁcantly
worse in patients. These results indicate that maximal concentric
and eccentric muscle strength is not related to pain and function
in meniscectomized patients.
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KNEE STRENGTH PREDICTS LOSS OF FUNCTION AND
DECLINE IN PHYSICAL ACTIVITY IN PARTICIPANTS WITH
OSTEOARTHRITIS: A 2-YR FOLLOW-UP OF THE OAI STUDY
F. Haq, M. Gurcan, K. Powell, R.D. Jackson, J. Prescott,
M. Swanson, T.M. Best
Ohio State Univ. Med. Ctr., Columbus, OH
Purpose: To evaluate changes in strength, performance and over-
all physical activity over a 24-month period in participants at risk
(incidence), or with knee osteoarthritis (KOA).
Methods: Data were extracted from the OAI cohort at baseline and
24-month visits (N=4607). Radiographic KOA (Kellgren-Lawrence)
grade and frequency of knee symptoms were used to establish
progression and incidence subcohorts during enrollment. The as-
sociation of knee strength with performance and physical activity
of both knees was examined longitudinally. Knee ﬂexor and exten-
sor strength were assessed by isometric testing and performance
was determined by timed chair stands and 20-meter walk. Physical
activity was scored on the physical activity scale for the elderly
(PASE).
Results: The progression subcohort had the greatest decline in
extensor and ﬂexor strength over a 2-year period from 335.74 N
(95% CI 326.61, 344.88) to 306.18 N (95% CI 299.08, 313.08)
and 137.94 N (95% CI 132.89, 143.04) to 113.26 N (95% CI
109.78, 116.92), respectively. PASE scores for the progression
subcohort showed the largest decrease from 159.83 (95% CI
154.34, 165.31) at baseline to 148.03 (95% CI 142.13, 153.93) at
24 months. At baseline and 24 months, the progression subcohort
had the slowest chair stand pace of 0.48 stands/sec (95% CI 0.46,
0.50) and 0.46 stands/sec (95% CI 0.44, 0.48) and 20-meter walk
of 1.29 m/sec (95% CI 1.27, 1.31) and 1.28 m/sec (95% CI 1.26,
1.28). Stratiﬁcation within the incidence subcohort revealed that
participants with frequent pain (most days in the last 12 months)
had the greatest strength and physical activity deﬁcits compared
to their peers with no pain.
Conclusions: These ﬁndings suggest that participants with KOA
and weak quadriceps are at greater risk of declining performance
and physical activity over a two-year period. Frequent knee pain
is a primary factor for the decline in functional measures in the
incidence subcohort.
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OPTICAL COHERENCE TOMOGRAPHY (OCT) AND
QUANTITATIVE MRI SHOW EARLY SUBSURFACE MATRIX
DEGENERATION IN HUMAN ARTICULAR CARTILAGE
D.M. Bear, A. Williams, Y. Qian, C.R. Chu
Univ. of Pittsburgh, Pittsburgh, PA
Purpose: Osteoarthritis is a leading cause of disability. Current
clinical imaging modalities do not reliably detect cartilage injury
and degeneration prior to breakdown of the articular surface.
Optical Coherence Tomography (OCT) and quantitative MRI are
emerging technologies with potential to detect early cartilage
changes. OCT is a novel nondestructive imaging technology that
show changes to cartilage birefringence related to potentially re-
versible early cartilage degeneration (Chu et al, J Biomed Optics,
2007). The quantitative MRI techniques, T2 and ultra-short echo
time (UTE) enhanced T2* may be sensitive to changes in cartilage
collagen structure and tissue hydration. This study tests the hy-
pothesis that OCT correlates with T2 and UTE-enhanced T2* MRI,
and that these imaging modalities are sensitive to early cartilage
matrix degeneration.
Methods: Thirty-six study areas (SA) were identiﬁed using a
coring device on ﬁve human tibial plateaus obtained through insti-
tutional and IRB approved protocols. Each plateau was mounted
on a plate with MRI lucent ﬁducial markers to allow precise spatial
registration of study locations across imaging modalities. Quantita-
tive T2 and UTE-enhanced T2* images were acquired on a clinical
3T MRI scanner and maps were generated using MRIMapper soft-
ware. Study areas were imaged using a custom OCT scanner and
graded as follows: A-obvious birefringence, B-no birefringence, C-
subsurface voids and/or irregular surface. Cores were harvested
and processed for type II collagen content, histology and polar-
ized light microscopy (PLM) assessment using a grading scale
developed by David-Vaudey, et al (Magn Reson Imaging, 2004).
Results: Cartilage matrix degeneration determined by PLM in-
creased with increasing OCT grade (p<0.001), increasing T2 value
(p=0.007), and decreasing UTE-enhanced T2* value (p=0.009,
Fig. 1). Deep T2 values increased with increasing OCT grade
(p=0.01) while deep UTE-enhanced T2* relaxation time decreased
with increasing OCT grade (p=0.02). SA without OCT birefrin-
gence showed 50% higher deep T2 values (p=0.012) and 37%
Figure 1. Comparison of OCT grade to PLM and MRI. a–c) Representative OCT
images of cores with grades A–C. d–f) PLM images from OCT grades A–C
demonstrating increasing matrix degeneration. g–i) UTE-enhanced T2* images
showing decreasing relaxation time with increasing OCT grade. j–l) T2 images
demonstrating increasing T2 relaxation time with increasing OCT grade.
